The aim of this study was to examine how much recovery upper obstetric brachial plexus palsy (OBPP) patients showed with exercises when they were 3, 6, and 12 months old and to evaluate whether the exercise treatment given at different frequencies contributes to this recovery or not.
O bstetric brachial plexus palsy (OBPP) is a flaccid paralysis mostly seen on arm due to the injury of brachial plexus during birth. It occurs as a result of distention and tear in the body of brachial plexus and avulsion of spinal roots [1, 2] . At every 1000 birth, OBPP incidence is 0.3-1.56%, recovery rate is 84%, and permanent damage rate is 0.5-25%. Hence, OBPP is an important neonatal morbidity cause [3] [4] [5] . The most observed form of OBPP is the involvement of upper brachial plexus (C5-6-7). In C5-6 injuries, shoulder abductors, internal rotators, and forearm flexor muscles are mostly affected, and the decline in forearm supination movement can be seen, but hand functions are retained. If an injury to C7 is added, then triceps and wrist extensors are also affected [4, 6, 7] .
Although an enough spontaneous recovery to use extremity functionally can be gained in most of the upper OBPP patients, all these patients are given an exercise program at the first stage. [2, [8] [9] [10] . The aim to give exercises is mostly to prevent contracture formation and to avoid muscle imbalance [4, 7] . There are no accurate data on the effect of any particular exercise which is more than the other, or one has additional effects on recovery than others to prevent complication; besides, there is no consensus on what frequency, intensity, or duration should exercise therapy be given. While some authors claimed that exercises do not have any effect on the recovery of the patients, others suggested that exercises could contribute to recovery by positively affecting regenerative process [4] .
It was hypothesized that intense exercise programs given in cases with peripheral nerve or spinal cord injury may accelerate recovery by contributing to plasticity development [11] [12] [13] . When no improvement is gained in biceps muscle function in patients with OBPP in the first 3 months during follow-up, shoulder dysfunction or residual upper extremity incapability often develops. Therefore, some researchers recommend going further to surgical interventions in cases that recovery is not observed in biceps muscle function within 3-6 months [9] . Therefore, the aim of this study was to examine how much recovery upper OBPP patients showed with exercises when they were 3, 6, and 12 months old and to evaluate whether the exercise treatment given at different frequencies contributes to this recovery or not.
MATERIALS AND METHODS
This study conducted in Physical Medicine and Rehabilitation Department of Balıkesir University between June and December 2014. The study was approved by the local research ethics committee of Selcuk University' s Faculty of Medicine (No: 276/2014). Written informed consent was obtained from parents of all patients for being included in the study. 60 cases that were referred to Pediatric Rehabilitation and Pediatric Orthopedic Clinics with the diagnosis of Groups I and II OBPP according to Narakas classification were included in the study following a multidisciplinary approach, physical examination, and electromyography (EMG) assessments. The patients in Groups III and IV according to Narakas classification 2 and the ones who had another comorbid neurological problem, contracture, and/or fracture on the affected arm were excluded from the study. The parents of patients were elucidated with precise information about the study, and all of them signed approval forms.
Sixty patients were divided into two groups randomly (for the randomization-allocation concealment, all the randomization numbers were concealed in separate envelopes and marked by the patient number on the outer North Clin Istanb 2 envelope. For randomization, the patients admitted into the program were divided into groups); the first group had intense exercise program 3 times daily (intensive exercise group [IEG] as a Group I), and the second group defined as a control group and had a standard exercise program once in a day (EG as Group II).
Exercise program
Passive range of motion (ROM) exercises were given to all joints of the upper extremities at first, and in the following months, active ROM and muscle enhancement exercises (according to the cooperation level of the children) were started. The duration time of exercises was related to the children' s cooperation. Since biceps muscle force of 3 patients in the Group 1 and 1 patient in the Group II was weak, they were excluded from the study. The subjects were assessed using passive-active ROM degrees and hospital for sick children muscle grading system on their first clinic visit and every month after until they became 12 months old [5] .
Assessment Criteria 1. Narakas classification
This classification is composed of four groups: Group I C5-6 shoulder and biceps paralysis, Group II C5-7 paralysis of shoulder, biceps, and forearm extensors, Group III C5-Th1 complete paralysis of the extremity, and Group IV C5-Th1 complete paralysis of extremity accompanying Horner' s syndrome [5] . 2. Range of motion ROM was evaluated both passively and actively with joint-specific movements: Shoulder ROM: Flexion, abduction, extension, and external/internal rotations; elbow ROM: Flexion, extension, supination, and pronation; and wrist ROM: Extension and flexion. Active ROM was measured on 3 different days following each other and calculated by averaging these measures by the same observer, which proved intraobserver reliability.
Muscle testing
Shoulder flexors and abductors, elbow flexor, and forearm supinator muscles were evaluated using hospital for sick children muscle grading system (Clarke and Curtis). This classification system is appropriate for children younger than 3 years old, which measures all joints without any commands. The hospital for sick children scale is not a "muscle grading system" but is an assessment of spontaneous active movement. There are seven stages totally, in which the gravity is eliminated until stage 4 ( Table 1) .
The families were educated in the hospital by a talented physiotherapist with a 5-day oral, visual, and applied training program, in which the parents were then tested. The patients were examined and exercise programs were checked by the same physician every month until they became 12 months old. It was ordered to make the exercises 3 times daily for the IEG and once daily for the EG.
Statistical Analysis
Statistical evaluation was performed using SPSS 16 (SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc.). The one-sample Kolmogorov-Smirnov test was applied for non-parametric values that comply with a normal distribution in innergroup assessments. Analysis of variance (ANOVA) was used in two-way repeated (time and groups) measurements to compare data from the parameters repeatedly measured in the inner group. In cases in which the variance analysis test result was significant, Bonferroni correction was performed to compare between groups as a post hoc test. The Bonferroni student t-test was used to detect different groups. The student t-test was used for independent groups to analyze data that complied with a normal distribution. P<0.05 was considered to be statistically significant (p<0.05).
RESULTS
Since mean biceps muscle force of four patients was 1.42 when they were 4 months old, these children were referred to surgery and excluded from the study. Hence, a total of 62 patients (38 boys and 24 girls), with a mean age of 7.50±5.18 days, were included in the study. The affected side was the left in 42 cases and right in 20 cases. All infants were born vaginally, and 52 cases had difficult labor history. The average birth weight was 4388 g ( Table 2 ). 97% of the subjects were in Group I, while 3% were in Group II according to Narakas classification.
Statistical analysis inside the groups: In terms of active ROM, while a statistically significant improvement was gained in both groups between 1 th months in shoulder internal rotation and extension (p<0.05); there was no significant difference in elbow extension, forearm pronation, and wrist extension since they already had nearly normal values at the beginning of the treatment (p>0.05). Active ROM measures of the patients are shown in Table 3 Table 4) .
Statistical analysis between the groups: No statistically significant improvement was observed between the groups in EMP measures and muscle force assessments (p>0.05).
DISCUSSION
In upper brachial plexus OBPP patients, there was no significant difference between the groups who had intensive exercise program and those who did not. Only four of the cases were further referred to surgery. In all the cases except for these four cases, good arm functions were observed while they were 3 months old, and nearly normal functions were found while they were 12 months old. Hence, almost exact recovery was gained in 94% of the cases with OBPP in our study. The patients with OBPP at the C5-6 level, generally, display improvement in a period from 3 months to 9 months of age [3] [4] [5] 7] . It is reported that improvement period may continue until 12 months in some studies [5] .
North Clin Istanb 4
The diagnosis of OBPP is based on a precise physical examination with a support of EMG study. The valid parameters used to evaluate improvement in OBPP cases are ROM measurements, EMG studies, and Clarke and Curtis muscle classification system for children under the age of [3] [4] [5] . If a common development cannot Table 4 . Hospital for Sick Children muscle grading system in patients with obstetric brachial plexus palsy be gained in the shoulder and biceps muscles while the child is in 3 months and 6 months old, then he/she is referred to surgery [4, 7] . While 70-95% of the patients improve almost completely, 10% may require surgery [4, 7, 14] . Likely 6% of our subjects had operations, 94% displayed a nearly complete improvement between 6 and 12 months. The increase in biceps and shoulder muscles showed a rapid incline in the 3 rd month and became almost normal in 6 th -12 th months. Physiotherapy program is the recommended treatment option for patients with C5-7 OBPP at the first stage. This conservative treatment includes exercise, splint, and electrical stimulation. The purpose of conservative treatment is mainly to prevent contracture formation, hypoplasic arm development, dislocation of the radial head, and negative psychosocial consequences [1, 2, 4, 7] . Although a spontaneous recovery can be seen in most of the cases, contracture formation in muscles and dislocation in shoulder and elbow may prevent functional recovery [7] . At this point, exercise program substantially contributes to the recovery of most of the patients.
However, there are no accurate data about the frequency, intensity, and time-planning of exercise programs. It is suggested that permanent disability may develop in some of the cases despite physiotherapy treatment [7] . This situation has raised more questions about the place of exercise in OBPP. Some authors suggested that exercises did not have much effect on recovery [4] . However, the other some have defended that intensive exercise program has a positive impact on recovery. However, they have still not clearly explained how this effect occurs [10] .
When we examine the processes in the recovery of OBPP, we will observe that not only peripheral reconstruction but also central and spinal cord plasticity play a significant role in OBPP recovery [6, 8, 15] . It is hypothesized that physical exercises increase plasticity, especially, in the spinal cord and central area by inclining ependymal cell proliferation and thus ensure functional recovery [11] [12] [13] 16] . Therefore, the representation of the body parts in the motor cortex can be altered after injury and during motor learning, and changes in the brain may be related to activity [15] . Plasticity increases due to the increased sensory input after exercises _ENREF_6 (6) . Cortical remodeling was shown to be increased after hand injuries through exercises. Hence, it was suggested that exercises are critical after peripheral nerve or central nervous system injuries [6] . Thus, our study looked at the effects of two different exercise programs for the upper brachial plexus lesions.
This study proved that there was no significant recovery difference between the groups in terms of time and degree and showed that intensive exercises did not have an additional contribution on peripheral nerve injuries, which meant that the frequency of the exercises did not have a significant effect on recovery. No complications developed in the patients during their follow-ups. However, further studies may be planned with some biochemical parameters as well as cranial and spinal cord imaging so that the effects of exercises on the recovery of cases with OBPP, especially, on the development of plasticity could be determined more accurately. Besides, further studies could be made on the effects of exercises on recovery with different intensity and duration as well as different frequencies.
Clinical Messages
1. Exercises positively affect recovery rate and results and prevent possible complications that may occur in cases with OBPP. 2. Intensive exercises did not have an additional contribution on peripheral nerve injuries, which means that the frequency of the exercises that the patients have daily did not have a significant effect on recovery.
